Nevertheless, despite of the complexity of the processes which contribute to the morphogenesis of these patterns and despite of their irregular form, they show some typical features like dendritic branches which grow along the transportation axes. Obviously this type of evolution seems to be a widespread phenomenon, which is even observed in countries with a centralistic planning policy. This The analysis of complex morphology is a rather recent domain of research. Traditional theories and models based on linear approaches allowed not to generate complex forms as they are known e.g. in physics in turbulence, in diffusion processes or in dielectric breakdown phenomena, but also in biology or in texture analysis. It turned out that fractal geometry is a useful approach for describing complex forms. Moreover in some cases the results obtained by means of this approach allowed also to improve theoretical explanatory models.
The interest of fractal geometry results from different particularities. As pointed out Nicholis, fractals represent a new model of complex structures which are generated by rather simple mechanisms [24] . This remark refers to the inherent hierarchical feature of fractals which becomes obvious by the fact that the same type of geometric elements exists on a large range of scales. Nevertheless the organization of these patterns follows a well-defined, rather simple repartition law, the hyperbolic distribution. In our context it should be emphasized that such a law is well known (1) , at each step the number of elements increase, whereas their length diminishes. Thus we observe two long branches which intersect in the center, four smaller ones which intersect the long branches, etc. we observe, too, the emergence of another spatial hierarchy: in the immediate vicinity of the occupied (black) sites there exist many bays, whose size, for a given iteration step n would be e r L. But there exist also larger bays of size 3e and finally even greater ones of size %, etc., generated by the iteration steps before. Thus whole a hierarchy of lacunas exist (cf. Fig.1 (a) N(e) a. e -z).
We will now come back to the fractal of Fig. 1 . Instead of reducing the initial square by a factor r < we will construct this pattern in another way (cf. Fig. l(b) [17, 20] . In those sets, the fractal behavior is no longer uniform but depends on the site chosen. It is possible to determine a series of fractal dimensions which refer to higher order correlations of occupied sites. Then the number of pairs, triples, etc. of an occupied point lying closer together than a given distance e is considered. For uniform fractals all these dimensions have the same value, for multifractals the range within these dimensions vary, and may be considered as a measure for the complexity of the pattern.
By means of a multifractal formalization, it is also possible to modelize a nonuniform, hierarchical distribution of mass on a pattern. E.g. we assume to assign to each of the generated squares at the first iteration step a part of a mass pi(i 1,2,...,N),Pip 1. In the next iteration steps mass factors are obtained, constituted of multinomial combinations of the factors Pi. Such an approach may serve to describe the population repartition in a city.
Let us now use the concept of Sierpinski carpets in order to make evident how a link can be established to urban patterns. We assume that the iteration has been realized up to a step n and we interpret a square as a simplified cartographic representation of a building. The Sierpinski carpet should then be a rough model of a settlement. We could assume that there exist two main road axes which intersect in the center of the cluster. A lot of buildings are concentrated along these two perpendicular axes. This seems quite reasonable since in many cases settlements grow along existing road axes what allows minimization of the costs of constructing and undertaking infrastructure. However there exist also the lateral branches mentioned above. Buildings situated on these axes are farther away from the main road axis, but they are closer to the initial center of the settlement than in the case they would have been localized on the tips ofa purely cross-like cluster. Another advantage of this arrangement results from the fact that all buildings are close to a border of the cluster and therefore to the lacunas which we may interpret as green areas. The arrangement seems to be a good compromise between the desire to be at the same time close to the city center and to recreation areas. Indeed there exist some plans of urbanists who recur to such a logic in order to assure that dwellings may benefit simultaneously of the vicinity of different types of services. Figure 4 shows such an example, a plan proposed by Hilberseimer for the reconstruction of Chicago [22] which shows regular fractal behavior.
The goal of this plan was the interconnection of all dwellings with a ramified green area and a transportation network. Obviously a hierarchical concept, where both the types of land use penetrate each other, turned out to be a suitable solution for this aim. Fractal geometry could thus become a reference to reflect about the spatial arrangements which optimize simultaneously different requirements of accessibility [19] . For fractal structures there exists a relation analogous to (7) :
The form factor a(e) may depend on the chosen algorithm but can also transcribe local deviations from fractal law. For interpretation of empirical data it is convenient to recur to a double-logarithmic representation of this relation log N(e) log a(e) D log e.
(!0)
Indeed we get aware that we obtain now a linear relation where the slope value is just the fractal
We remind that some authors conceived models based on a probabilistic approach, but not referring to fractal geometry (cf. e.g. [25] ). The fractal urban simulation model of Batty [3] , which will be discussed later on, tackles with random processes, too. 
Global Methods of Analysis
The most simple way to study fractal behavior is the grid analysis. A zone to be analyzed is selected and covered by a grid. Then the number of grid elements which contain at least one occupied site is determined. The grid distance is subsequently varied, and at each step, again the number of occupied grid elements is counted. Thus, according to (9) ; the relation between the number of occupied elements N(e) and the corresponding grid distance e is obtained. In many cases the double-logarithmic representation of this relation shows a very regular shape, in particular when using cartographic representations at a little scale which are only reliable for studying the spatial organization on the scale of metropolitan areas, since details of intraurban structure are neglected.
This method is also used in multifractal analysis. Instead of distinguishing just empty and occupied grid elements, the real mass is taken into account for each grid element, what allows to determine higher order correlation dimensions.
The grid analysis shows sometimes ambiguities which can be avoided by using the dilation analysis. This algorithm corresponds to the method Minkowski proposed for studying such sets under the viewpoint of measure theory. In this case each occupied site is surrounded by squares whose base length is subsequently enlarged. The whole surface of these squares is considered as occupied. Thus the squares referring to sites which lie close together intersect first, and in course of iteration more and more huge clusters appear. In order to obtain the number of squares of length e which is necessary to cover the total occupied surface at iteration step n, we divide at each step this total occupied surface by the surface g2 of the squares. Then an analogous relation to (9) is obtained. This method has e.g. been used for testing fractal behavior of the plan of Hilberseimer (Fig. 4) 
In their first investigations Batty and Longley [5] referred to a simplified relation, where they assumed that the intra-urban space may be considered as completely occupied, so that D (surf) [2] . The particular question of the repartition of the built-up area in the scheme of Christaller has been considered by Frankhauser [14] and, recently, Francois gave a fractal interpretation of population distribution under the aspect of central place theory [17] .
The Data Base Considered
Above all, fractal investigations of settlement patterns focussed on metropolitan areas and referred to a regional level [5, 14] for Audincourt, lying in the heart of the conurbation, only a slight decline of the-curve of scaling behavior is observed when reaching the border of the city. However by increasing the counting radius one enters immediately a neighboring agglomeration and the scaling exponents augments again and reaches approximately the previously observed level. Such minor variations of the scaling exponent appear too for greater distances. Thus whole the agglomeration could more or less be considered as a unique cluster with a dominant mean scaling behavior and some local deviations.
If counting centers are chosen in the centers of towns lying more in the periphery of the conurbation and close to the enounced factory rather particular curves are obtained which are more similar to those of peripheric zones (cf. next section). On the contrary, if the Peugeot manufactory is taken as counting center, the curve of scaling behavior resembles more to those of city centers, despite of the fact that this manufactory lies in the periphery of the conurbation, too. Obviously this enterprise has become an important symmetry center within the pattern since a similar shape of curve is observed like that of city centers. This may be explained by the fact that this enterprise has played an important role in course of urbanization; indeed a large amount of dwellings were constructed in its neighborhood. In this context another example turns out to be interesting, a new city build up in suburbs of Besangon. The goal of the planners was to create a rather autonomous entity with respect to the historical center. Despite of the rather different architecture consisting of large blocks, the curve obtained corresponds again to those of city centers. Thus the intention of planning appears through the pattern organization. This makes also obvious that fractal analysis provides a powerful instrument to compare planned cities with irregular settlement patterns. 4 Le Bras [7, 8] For analyzing the intra-urban scale also nonoccupied space should be taken into account according to the Sierpinski carpet approach. It is indeed possible to combine both the aspects by introducing simply a factor P0 0 which creates the lacunas in course of iteration [18] . This formalization allows also to measure multifractal behavior when disposing of population data on a rather fine level of resolution. Then you may attribute a certain amount of population to each occupied pixel and the multifractal analysis provides the series of fractal dimensions. We recurred to this method for analyzing the population repartition in different town sections of Besanqon. The results obtained showed that the range of dimensions is larger for quarters with a complex pattern consisting of individual housing and huge blocks than for sections where you find only one particular type of houses. However for new town sections consisting of blocks, the dimensions are lower than in old sections. Indeed for the first ones we observe a great contrast between a high concentration of population in the blocks surrounded by large green areas whereas old centers show a more homogeneous patterns where houses have only some flats and where the courtyards are small. 6 We imagine that by considering the height of the buildings we may describe the roughness of the surface of a city by using a multifractal formalization in a similar way. Such analysis is expected to be useful in matter of modelizing the propagation of pollution in cities. Recently Woloscyn [30] proposed to use a multifractal approach for Figure 8 shows time sequences of the curves of scaling behavior for Lons-le-Saunier and Berlin. Despite of the fact that these agglomerations are of rather different size, we observe a similar tendency in the evolution of the curves. For the first date the decrease of the scaling exponent is rather strong.
Moreover there exist some local variations for greater distances which refer to important aggregates in the suburban area. For the following periods the decrease of the scaling exponent is less abrupt, since the transient zone between center and suburban area becomes more extended. In the same time the local variations of the scaling exponent in the suburban zone disappear, the curve becomes more smooth. We may interpret such an evolution as a hint that the central agglomeration dominates more and more the These preliminary investigations were in part realized by T. Thevenin in the frame of his masters thesis.
Future research activities should focus on the introduction of complementary measures based on the concept of spatial hierachy which allow a more detailed description of the spatial arrangements of the elements. The multifractal concept seems promising, too: the possible range of applications reaches from the analysis of social segregation up the determination of the roughness of the surface of the built-up area in order to study the propagation of pollution.
A quite other domain refers to urban planning. As pointed out fractal patterns could, due to their complex structures, better assure the simultaneous proximity to different types of services or land uses as simple compact structures. General conceptual reflections could help to obtain criteria in what concrete case fractal patterns really correspond to optimal solutions.
